Currently, wireless radio frequency (RF) communication and Wireless Sensor Network (WSN) has shifted its trend on human or item tracking capability to real time monitoring capability especially in healthcare industry. Monitoring patient's condition is one of the crucial tasks in any hospital to ensure patients are in good and stable condition. Efforts have been made by many researchers to use WSN to measure temperature, heart rate, oxygen saturation, respiratory rate and etc. to monitor patient's condition remotely in hospitals. This research focuses on integrating a temperature sensor to a wireless transceiver Zigbee network and is used to measure patient's body temperature from remote location (nurse's workstation. Few thermistor temperature sensors were used to determine reliability and their reading were compared against thermometer and the one with an accurate and stable reading was chosen. Zigbee network or accurately known as IEEE 802.15.4/Zigbee is known to be a low power consumption device with better transmission range, higher network flexibility and large number of nodes. Through the experimentation, Zigbee network is proven capable to provide stability in data transmission at longer range at different temperature environment.
Introduction
Monitoring and tracking patients (human), equipment's, objects, animal and etc. requires continuous and reliable monitoring system. This system shall not be interrupted at any time and shall be able to use at any circumstances. Critical data collection such as patient's vital signs (temperature) in the hospital is limited to manual physical logging and requires the users to be close to the data source. Different approaches of wireless identification for monitoring have been introduced; starting from the Radio Frequency Identification (RFID), Infrareds up until Ultra Wide Band (UWB) technology.
A real-time wireless sensor network that is integrated with a wireless device and worn on a patient is an ideal method in ensuring the reliability of patient data monitoring human health parameters i.e. temperature and heart rate [1] .
An overall research is conducted to develop a wireless continuous monitoring system that is consists of hardware and software development. This study discusses on the use of 802.15.4/Zigbee technology in monitoring human body temperature wirelessly using thermistor as a temperature measuring medium. Focus of this study is to investigate on the stability and accuracy of the wireless technology and sensor where three (3) sets of investigation were conducted in order to fulfill certain criteria. The investigation conducted by implementing various temperature sensors for accuracy and stability during different environment temperature and at a frequent rate of use. The details of background are further discussed in Section II, hardware and software implemented on Section III, approach and method in Section IV, exploratory findings and analysis in Section V and lastly conclusion in section VI.
Background Study
To further develop the required device, analysis has been done to identify the need of monitoring which includes wireless technology standards, mobility and co-existence available and that is suitable for the development and device parameters.
Wireless Technology
Wireless technologies have evolved through time and with vast depletion. Catching up with the technology is merely impossible. An example of wireless technology have been done and shown in Table 1 below. Technologies taken into consideration are the most common used in wireless monitoring nowadays such as are RFID, Wi-Fi, Bluetooth, UWB and Zigbee.
Literature comparisons show that the Zigbee network technology is an appropriate technology for future prospect enhancement of device development. Zigbee module is known to be an Original Equipment Manufacturer (OEM) RF Module where the Xbee Pro Module uses RF transceivers as its transmitting module. The module was engineered to meet the IEEE 802.15.4 standards and to support the need of low-cost and low power consumption of wireless sensor network which also requires minimal power and able to provide reliable delivery of data between devices [2]. RF and Zigbee network technologies are extensively used in many applications as discussed in [3] [4] [5] . From [7] and [8] , investigation on transmission range and data stability or accuracy have been carried out between the RF and Zigbee (Xbee) transceivers and it was proven that the Xbee transceiver was capable to transmit signal up to 200 meters if compared to the RF transceiver. This property gives an advantage to the Zigbee technology.
Body Temperature
Body core temperature is a measurement of average heat in a body where the inner part of the body would keep comparing and reacting to the differences between body temperature and the surrounding. Human body temperature varies depending on one's activity, one's fitness time of the day and other psychological factors [9] .
Examples on diseases caused by sudden peak of body temperature are fever, malaria fever, hyperthermia, heat stroke, meningitis and etc. The symptoms of heat-related illness are based on conditions such as headache, nausea, dizziness, muscle cramps and even coma. The elevated body temperature is often due to common cold virus or influenza infections, urinary tract infection, sinus problems or hepatitis, pneumonia and etc. These examples of infection that causes body temperature to elevate needs to be monitored closely and carefully as some cases may cause fatality [10, 11] . Human normal body temperature ranges from 36.5°C to 37.2°C (97.8°F to 99°F) [12] .
From [12] it is discussed that when body temperature increases above the threshold value due to unanticipated cause shall lead to several stages of heat-illness that can produce numerous possibilities of danger to patient. Thus monitoring patients' temperature continuously is very crucial to ensure they are always in stable conditions [12] . In measuring temperature, a number of mediums have been discussed in [12] such as, gas thermometers, bimetallic thermometer, thermistor, thermocouples, liquid crystals and infrared thermometry.
From the information provided in [10] , the armpit is the most suitable method to be used during body temperature measurement even though has been argued for unreliability. Tests conducted in this research where armpit shows promising results and analysis reading as detected by the thermometer. Several devices are used for temperature measurement such as digital thermometer, infrared thermal imaging , basal thermometer, pacifier thermometer, forehead thermometer and tympanic thermometer. For this study, thermometer is used to benchmark the developed prototype.
Description on Hardware Architecture
A brief description on the methodology used in this research work, inclusive of implementation of Zigbee Network wireless technology, Arduino Microcontroller and multiple temperature sensors. Details of the hardware architecture used in this work are discussed in this section.
System Architecture
The system hardware architecture begins from a few subjects placed at a closed environment where each subject is equipped with a Zigbee Xbee-Pro S1 transceiver module embedded with temperature sensor. The data collected by the transceiver microcontroller will then be transmitted to the Zigbee SKXBEE (receiver). From the receiver, the transmitted data will go through the Ethernet system route that developer used. One route is through the Wireless Area Network (WAN) which will be connected to the computer that can send the trigger to the mobile nurse available. The other route is where all the collected data will be kept in the system database for future reference. The hardware architecture is best described in Fig. 1 .
The Xbee -Pro OEM RF Module, a Zigbee -based wireless device standard helps to reduce the implementation cost by simplifying the communication protocols and reducing data rate. The module uses RF transceivers frequency of 2.4GHz for communication transmission and uses the Zigbee standard protocol for networking, application and security layers [13] . The Xbee -Pro OEM RF Module comes with a interface software that is provided by Digi International, designed to enable a simple and user friendly GUI as well as to interact with the firmware files found on Digi's RF products [2] .
The values of the detected readings are displayed in a graphical form in the Graphical User Interface (GUI) that is running in a computer. The interface designed not only is user friendly but is also a web-based interface where the user can monitor and access the interface at any day and anytime as required in a continuous monitoring system. If the person with the tag is medically distressed, the system will automatically generate an alarm alerting the medical professionals on duty. The block diagram of system hardware is as shown in Fig. 2. 
Temperature Sensors
Several types of temperature sensors that can be utilized to measure body temperature such as miniature piezo film sensor, micro-thermocouples sensors, resistance temperature detectors (RTD), thermistor and integrated circuit (IC) sensors. The advantages and disadvantages of each sensor are discussed in Table 2 . According to Table 2 and knowledge of maximum core body temperature range, the option of the thermocouple sensor and IC sensor can be eliminated although their capability of providing larger temperature range (≥ 250°). The main focus of this study is only to investigate using a small temperature value; therefore RTD and thermistor are both suitable for this approach. However, RTD is known to be expensive and provides slow response time [12] .
Taking into account on cost, fast response time and accuracy, thermistor is found to be the most suitable choice. Moreover, the disadvantage of limited temperature range and self-heating will not be significant due to the temperature that will be measured is in a small range and will be using low power devices as power source. thermistor is a passive transducer where its resistance depends on supplied heat [12] . From different ranges of Overall System Architecture  Fig. 2 . Block Diagram of System Hardware thermistors, negative temperature coefficient (NTC) sensors have been chosen for this application. NTC is a two terminal solid state component that exhibits a large, predictable change in resistance corresponding to the changes in absolute body temperature. Thus it is a suitable material to be used as a temperature measuring component due to its quick temperature changes. NTC thermistors were chosen amongst others due to its capability of large temperature sensitivity, high tolerance, and good electrical noise immunity and with temperature range that can be extended from -100°C to +300°C subject to special construction. Accuracy of temperature detection is the main criteria of the investigation where the readings obtained from the NTC were taken simultaneously with a thermometer.
Approach and Methods
This section discusses on proposed designed mechanism to measure body temperature. Experimental procedures are also briefly discussed in this section.
Proposed Circuit Design
The proposed design of the body temperature measurement is as shown in Fig. 3, Fig. 4, Fig. 5 and Fig. 6 . The NTC is placed on the armpit of the human body and is connected to the transmitter end circuitry. Whenever the sensor detects the body temperature at a certain time interval, the microcontroller will send the digitalized signal to the Xbee Module to be transmitted to the receiver. Once the receiver receives the signal, it will then show the detected temperature reading through the X-CTU interface. 
Exploratory Methodology / Technique
The first procedure conveyed was by implementing several NTC sensors for accuracy measurement by using the conventional thermometer as a benchmark device simultaneously. Secondly, the procedure continues by measuring the maximum capability of the range transmission and accuracy of the reading with respect to different sets of temperature environment. Finally, the procedure continues by supervising the device capability (durability and sustainability) on detecting random subject's temperature using gender as a main category when used at a frequent rate.
Exploratory Findings and Analysis

Investigation on Various Thermistor Sensors for Accuracy Measurement
Three (3) different types of NTC's were used to measure the body temperature and the comparisons obtained from the analysis are displayed in graphical form as shown in Fig. 7, Fig. 8 and Fig. 9 . Fig. 7, Fig. 8 and Fig. 9 exhibits 3 different NTC's that have been analyzed under normal room temperature which are producing different outcomes. Fig. 7 representing NTC A, portraits instability and inaccuracy as the temperature reading fluctuates at multiple points of the intervals of every 2 seconds. Error calculated between the thermometer and NTC reading in average is at the range of ± 1°C to ± 24°C. Fig. 8 representing NTC B which exhibits slight instability in obtaining the temperature measured value where the temperature fluctuates at average error calculated of ± 2°C to ± 7°C. This range is much lower compared to NTC A. When the NTC B stabilizes the temperature average error is at ± 3°C. Response time of the NTC B is faster than NTC A by a few seconds.
Finally, Fig. 9 representing NTC C exhibits the temperature reading fluctuates according to the thermometer reading pattern. The NTC obtained stable reading with fast time response with an average error range at only ± 0.3°C to ± 2°C. When the NTC stabilizes the average reading error is only at ± 0.3°C. In consideration of a few criteria's as stated previously, NTC C is used for further analysis and investigation as it complies with the criteria's. Stability of the sensor is further proven in other conducted investigation as portrait in Fig. 13 to Fig.  15 . 
Various Environment Condition for Temperature and Transmission Range Outcome
Uncertainty of environment temperature will also cause an effect to the thermistor accuracy during temperature detection procedure. The next procedure conducted is to detect the maximum capability of range transmission of the transceiver and while ensuring the reading accuracy towards changes of environment temperature. Analysis of the findings is portrait in Fig. 10, Fig. 11 and Fig. 12 .
The line of sight (LOS) range reading is taken as an indicator of maximum distance that the Zigbee (Xbee) is able to transmit without any interference from the environment. Fig. 10 was taken at a line of sight distance measurement and is seen to be able to transmit up until ±490 meters LOS. Fig. 11 and Fig. 12 shows maximum transmission distance when taken in a closed room. Both show a maximum distance of ± 100 meters of length. As for accuracy of sensor reading at different environments respectively, the NTC shows high accuracy as it follows the thermometer reading with an average error of ±0.3°C when stabilized. Increment of the temperature is due to the movement of the subject and weather at that particular time. Therefore, from the analysis obtained condition concludes that the environment temperature does affect the core temperature of the body while the maximum capability of transmission can affected by the environment interference such as windows, steels or even weather.
Exploration on Temperature Sensor Sustainability at Frequent Detection Rate
The final investigation undergone was to analyze the device sustainability and durability upon detecting random subject's temperature using gender as the main category at a frequent detection rate. The readings were taken using thermometer, wired and wireless method as displayed in Fig. 13 to Fig. 15 respectively. The range of normal temperature for both genders is between 36.5°C to 37.2°C. The body temperature measurement of 4 subjects (random genders) were taken in this procedure. As compared to the benchmarked reading in Fig. 13 , the wireless method in Fig. 15 is capable in transmitting the least error and highly comparable with the thermometer reading. This is due to the noise signal obtained during processing is higher at the wired circuit design. It is conclude that from Fig. 13 to Fig. 15 it is seen that all measurements from there onwards can be done without any need of benchmarking devices as the NTC has a high accuracy and reliability towards body temperature detection.
As for durability and stability of Fig. 16 and Fig. 17 , it is proven that the overall device designed capable in detecting and transmitting at a frequent rate. However, due to the difference in room temperature, the detected reading falls below the required threshold. This is due to the measurement of the average heat in body where the inner part compares and reacts to the difference between human body temperature and the surrounding. Further analysis is required in order to ensure that the detected temperature is still in the normal threshold even though at different environment temperature.
Conclusion
In conclusion, from the multiple analyses of various NTC sensor capability, maximum temperature reaction, range capability, stability and reliability of the wireless monitoring using the Zigbee technology, it is proven that the Zigbee module (Xbee) is capable of transmitting stable and reliable data at various either temperature or situation and also capable in transmitting at a further range. The thermistor that is used as a sensor is proven to be reliable where it is sensitive to the temperature changed and able to provide fast response. The device after tested in different environment proven to produce stable result according to the changes that happened in the body core temperature.
However, in order to make the prototype acceptable it is recommended to look onto the design of the tag to ensure ease of patients to wear. The study is also to include two other vital signs parameter, heart beat and blood pressure monitoring in different sets of transceiver as well as to consider the usage of repeater to further extend the communication range. Zigbee module (Xbee) and the NTC sensors enable researchers to develop and analyze the real time wireless monitoring application easily, effectively and accurately.
